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FOREWORD 

provide a clearer understandix of water measuringprocedures 

ard and nonstandard devices are defined and their  implications 
gard t o  water measurement are discussed. 

count radioisotope methods, magnetic methods and sonic methods. 

ive the basic equations for  both orif ice and weir discharge using 

r e  also discussed. 

measuring devices. 

d. techniques such a s  the submerg 
gate, and constant-head orif ice 

e l ler  meters are described. 
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~ F O W T M F R ~ ~ M E R S D R l E i G  
DEVICES AKO TFCHKCQIJES 

It is impossible a t - the  mment t o  overstate the need for an impraved 
water measuring prcgrcrm, not only in your district, project, or 
region, but nationwide, and even worldwide. The population explo- 
sion aad the shifting of the population center of the United States 
t d  the West is causing concern i n  that water needs mey even- 
tually l i m i t  this mmement. According t o  the latest  figures if we 
account for births, deaths, -6, and emigrants, we have a 
new person arrivi.ng on the scene every 10 secods; 8,000 a day; 
3,000,000 a year. By the -d of the century the population w i l l  
have doubled. Twice as many people-the sane anmt of wster. 
Within the next decade, every water supply, not only those in  the 
West but throughout the IMted States, will be critically examined 
t o  determine quantity, use, and waste. PLans w i l l  be formul&ted 

One ?my t o  increase the av&3.able water, of course, is to <i.ina new 
water sources. This is not always possible and is usually 'costly. 
The other wey is t o  conserve and equitably distribute the water 
now developed& avsilsble. This la t ter  course is  umdly pos- 
sible and less 'expe11slve. We are Werested in  the la t ter  course 
because this is  our business and, as 811 of you know, more exten- 

canbe prduced st considerably leas cost. 

plus .&:.water :may now exist on your po jec t ,  i t - is ,  time tobegin 
accurate accounting of what w n s  t o  your water. ,, A recent, e q e r i  
ence o n a  project actively ergaged,.in ,upgrading mtek measurement 
devices and proced&s will! serve as a goo& e x m e .  A water user 



nt. Practically .,a measuring devices, when in 

than it idcates . ;  For this reason, water :accounting records 

installing and maintdning neu 
s of water can be made available 

AND N m m  DEVICES 

Maoy other  device,^ inc 
also -no&tand& becaus 



Callbration tests can be qaite costly when properly perfcamed. 
R s t a s  must. be made at falrly close discharge intemals over the 
cangete operating range, atd curves &/or tables pqpamd. It 
is, therefore, less costly ad osue3ly nut too difflcuLt t o  install 
stadam3 devices e d  mxlntdn them in good condition. stauhtd 
dlschslge tables may then be wed w i t h  f u l l  confidence. 

In malnteining a stadard structure it is only necessary t o  vlsusl3y 
check a feu speciflea ifenr; or dimensians t o  be sure that the 
~ d e v i c e h e s n u t d e p & & f r C m t h e ~ .  Inmainfe;ln- 
iqg a nonstanaaril device it is difficult t o  deterndne by visual 
inspection whether accuracy is  be- maintained except by recell- 
bration. 

To upgrede existing water measuring devices aud imprave the quality 
of ir istsl laticm of new devices it is  necessary t o  udexstfd sane 
of the basic principles which influence the quantity of water passed 
by a measuring structms. Moat devices meamre discharge S E r e c t l y ,  
i.e., velocity o r  head is measurea directly aad prepared tables are 
used t o  obfain the dischage. BIesmrring devices 
theref-, i n  two groups: (1) velocity type and 
!Chose using the velocity principle include: 

A. Flat ad stopwatch -. 
B. Current meters 
C. Clausen-Plerce w e i r  gage (or stick) 
D. Propeller meters 
E. Flawboxes 
F. Vane deflection meters 

When the (v) principle is  used, the area of the stream 
mt be measured a d  the discharge (Q) caPplFtea 

fccm Q = AV. 

DevicesXusing the head principle include: 

A. Rechtgubr veirs 
B. V-notch or multiple notched weirs 
C. CilMZetti #eLs 



















ea @ern indicate that dirtcharge det 

not suffice vith 





able a e .  Head measurement iTdifficuit,  and wier does not 
dlschar&e a "staaaard" quantity. ~~-~-30664 



caused by a s t i l l ing  basin or other energy dissipater hmdia t e ly  
upstream, by a sudden drop in water surface or by obstructions in 
the flow area such as operating or nonoprating turnouts hsving 
projections or Wentations from the net area. Shallow flow passing 
aver a rough or keep bottan can also be the cause. Weeds or riprap 
sl- into  the f l o w  area or along the banks, or, sediment deposits 
upstreamfrm the m e w i n g  device also can cause excessive turbulence. 

Measuring errors of up t o  10 percent or more can be caused by exces- 
sive -hqbulence and it is  absolute necessary that all visible signs 
of turbulence be elimated upstream fran a.measuring device. 

A rough water surface, &her thar~ w i &  generated h s ,  can usuallg 
be eUminzted by reducing turbdence or Snprdng  the distribution 

Waves 60 t o  93 percent 
as high as Upstream-., 



nrouence a m  wsves l n  a m s U  flume produced by an outlet 
works st- bwin made accurate discharge determination impos- 
sible. Log raet i n  f o r e g r d ,  used i n  futile a t t .  t o  cluiet I 
the flow, is inoperative. P245-D-30666 

- - 





d drop in  water surface of 0.1 foot i s  not uncaarmon jut above a 
weir and (frm the  equation above) represents an increase i n  veloc- 
it). of 0.8 foot per secod. If the head on the weir i s  m u r e d  
t w  close t o  the weir, the hed measurement can be 0.1 foot too 
nmSi. For a weir 6 fest loug and discharging 7 cubic feet per 
secod,  the carrespodbg error i n  discharge would be about 35 per- 
cent, asnrming that the indicated or reported discharge was 
5.1 seed-feet. 

S t a d a d  weir tables are  based on the measured head on the weir 
(~-elocity head n-ible) a d  do not compensate for excessive 
velocity hed.  Any increase i n  velocity above stanaard. conditions, 
themfore, wlll resu l t  i n  measuring less  than the true head on the 
weir sna more' water wSU be aelivered than i s  measured. 

Causes of excessive velocity head include (1) too shallow a 
upstream firan the w e k ,  (2) aeposits i n  the upstream pool, 
Mgure 14, mcl (3) paor laterdl veloci* distribution upstrem 
frm th, weir, mgre 8. 

sedimr 
cientl 
desin 
weir 1 
we* r 
tw- 3 

deposits have red.uced the depth of the weir  pod sufYi- 
Ly t o  increase the velocity of approach t o  ve31 above the 
ible level. The head gage should not be located close t o  the 
,lode. The weeds should be removed and the  "edge" of the 
:h& be sharp. Discheqes over t h i s  weir Kill be larger 
Lndicated i n  "standard" tables. P-20-D-21558 



of any one of the &ovedtscussea causes. The best salution then 

I :  - 
O p e r s t i ~  or ,nmcrpersting turnouts located just rrpstre~rm *an a 
measuriag device msy cause poor sppms~h conditions as bridge 
piers, charmeJ. curves, or a slrewed measuring section. Relocatin& 
the measuring device may be the only randy in  these cases. 

Submerged veeds or debris can w e  excessik turbulence or local 
hi& velocity currents. Eddies macent t o  the share line can .. . 

synnnetrical, or irrtrducing bafPles or crther devices 

special treatment, aa &s- 

a dwice  designed for free flox. Occasionally, 
.a& too low and 'ljaelnrater submerges the th ros t  
discharges. lWmmLy Large errars in  dis- 

-can be intrcducecl i n  this mmmr. The onZy 



other obstructions to pre- 
vZth the unifana 'Bcn con- 



" 

should be-I am looking for trouble--not, I will excuse the l i t t l e  
things because they are no worse t d a y  than they were yesterday. 

Measuring devices which are rundown are no longer a staadardmea- 
uring device, a W c a t e d  discharges mey be considerably in errm. 
'PG be certsin of the true discharge, they should be rehabilitated 
&/or calibrated. 

extend .the useful l i f e  of measuring devices. 

ing with the measurement devices which were once accurate 
ependsble and have deteriorated, are-those which, b e c b e  of 
vorkmanship, were never a st- device. These include : 

ads with flow passing beneath or around them, and 
een set too .10~  or to6 high for theexisting flow 

ed on the head at .e 
i n  setting the gage 









Weeda prcrhvrllw t m  the crpeping and sediment i n  the apprcach 
p o d  xLU r e d t  i n  inac-te discherge d e t d m t i o n s .  PX-~-30665. 

17 

C i f l e t t i  weir operating with good flow c d t i o n s  i n  the approach 
pod.  Elav i s  wel l  distributed across wide pool and shows no evidence 
of excessive furbulence. Accurate or "standsrd" discharges can be 
expected under these codltions. POAX-D-18350. 

FJgure 18 



nother structure. 

e to.establish the fact that the d i s c m e  did o 
the .period of time that water wa8 being deliver 









reduetion in v e l o c l ~ .  caused by the spreading of the orifice 



.. 2-3/&inch, Zr7/8-inch, &inch, & 8-1/2-inch used in  a 12-iach 
pipeline ss p; laboratory metering q&tem. !5e aeprhme 02 the 
coefficient dran the generslly accepted s d i d  line.mme is con- 

e possible, :an3 it may then be necessasy to 3nprdse  a 











Center, Denver, cdlmsdo. 

.VHPmPlI zmms 

The familiar Parsball flume (FSgmr? 12) belongs t o  a larg;e class 
of water m e s m i n g  devices lmcrrrd generally as V e n t u r i  flumes used 
in open cbarrnel instalktions. These m c e s  depend upon contrac- 
tion of the flow either by ts- the side wa33.s of the flume, 
by c- thk elevation of the flame bottau, or both. pB1.shaS. 
flumes l n c ~ t e  a floor drop along with the comrerging of the 
side ualls. 

~e;irhrri fluaes are of two types the "free-flow" type where a simple 
head resditrg i s  required t o  determine dl6charge and the "Su2.aaergedn 
tgpe vhich reqaires two he& Feaaings t o  ecconnt for the l@cwaier 
depth effect a& -ne the d5scbarge. !Be Is% type' is 
sanefjlnes called a "critical depth flume" strl/or a "6- wave 
flume." The former is  sanetimes called the "trite Ventmi" tgpe. 
!!!he -shall flme Is an example of a Venturi flme that is often 

; USed in e'itm ~8-ory & both. 

ement. But, like all measurfng M c e s  they shoyld be 
calibrated befme use or be constructed exactly the same as 
tlng flume (sfsldard device) that hss been calibrated. 

scharge and head may be expressed i n  the 

determined fKlP 



Sh@ies of other flumes of both larger and smaller sizes will be 
contimed amd be directed tarard stanaardizing the flumes i n  
terms of gecllaetry and in providing rating tables for general use. 

flat-bottand trapezoidal Venturi flumes were stuilled by 
A. R. Robinson ard A. R. Chamberlain, 'Slrapezoidal Flumes for 
Open-channel mow MememePt," ASRE, voltrme 3, no* 2,1960. This 
study presents the calibration test results on seven flumes with 
side slope (8) ~ s n g i n g  fron 50 t o  60°, throat bottom width varylng 
Aum 0 t o  4 inches, and contraction w e  (9) Parylng between 8 
and 22'. The discharge range covered by these flumes is fra 0.02 
to 2.0 cfs. 

IP f l k s  of this type are t o  be built and used without fleld cal- 
ibration the dimensiam and Lipitations discussed i n  the article 
should be carefully foUared. 

sible tramitions t o  
, or $&el lmge 

resist  movement with the 

head measuring station should be locat upstream f r o m  
B. If a still- 

size shmm in  







Alfhough it sholild be p i b l e  to ccmpute the discharge, f h i s  i s  
rarely done because thexe are usually too r c a ~ ~  departmes fKrm 
s t d k d  definable ccmaiticnrs for M c h  correction coefficients 
are nut Imm. -tes are ueuslly purchased Avrm a camaercial 
supplier who supplies a discharge table. Winsrily, the tables 
gfve a good accauntiag of the am, but i n  sane instances, e m s  
of 18 percent or mare have been f&. 

, - 
3f a &charge error is suspected, the instellstion should be 
thoroughly checked t o  be sure that it c-es wfth the essential 
conditions shown in the above sketch, particularly that there is 
no %lockage of f lw an2 that the outlet is suff icienw s&mergea 
t o  make the pipe flow W. The factors aPPectis IaeiXxg8t.e 
perfonname and accuracy are described in  detaFl in the fallowing 
psragFaphs. These suggestions apply particularly when the w t e  is 
aperated at large apenings (50 peFcent or more) and/or vith small 
upstream mihmergence (u) or less). 

other identifying symbols. 



Approsch area. W&, trash, or sediment i n  the approach t o  the 
gate can -e the s t t e r n  of flus sufficiently a t  the gate leef 
t o  prcduce sizabl&cX~&a.rge . e r o r s .  !!he flw along the side- 
va3ls (* walls) has m&e effect on dischesge +- the flow 
song *he b t t c m .  Be sure that am can fo l low the sidevalls 
without interference. Large axnounts of se%hen% 'aeposited i n  
the area just upstream frm the gate canupset the nonual =ow 
~@Aierm 86 can waferlcgged trash, rocks, or other submerged 
ma-.' The app'c~cb area should be c l d  'srd reshapes, if 
necessary,, u n t i l  no flow lhes..rr' velocity cacentratians are 
vlsible on the water surface. ' " 

,,; 

Submer6:ence. The wa& level a t  the gate s h d  be at least 
one pipe Uamster ( ~ r e ~ l y  two) above the c r m  of the pipe 
awing operation (flw measurement). 'As pwiausly i,sham for 
the mlflce, considembie error res+ts when the he& is less  
than one diemetcvr above the top of '@E pipe. .llhe pipe out let  .~, 
must &o be 8ufficienW.y submerged to-e the pipe run full.. 

. 
Usually, if t h e ' & =  length is stanasrd, a t  least six or seven 
diameters (~scua$ed late$, the submergence need be oxUy about 
6 inches above th$jcrown of the pipe. Unless the pipe runr; full 
a t  the outlet, the downstresm head-measuring stilling well. mag 
not contain enough water t o  i d i ca t e  the true Ufferentlal pres- 
sure .across the metergate, and serious discharge measming 
errors can occur. 

4oallt~fferentia~. hesd. m e  e l ~ k s  in  discharge determina- 
t ioncan be intrduced if the differential hed (aifferde i n  
mter  surface elevation between the two stilling m s )  is d. 

.J For ex~mple, in reading the two wafer surface elevations i n  the 
stilling -6, an. error of 0.01 foot could be made in w h  
readiqj, g i d n g  a differential of 0.10 focrt instead of 0.08 focrt. 
The difference in indicated discharges w w l d  ti& about 0.12 cfs 
f o r a  discharge of 1-10 through an 18-knch me tea t e  open 



pass the requltred max5mm ilm, it might be necessary t o  use two 
snail gates i n  place of one large one. 

Aside fram head-reading errors, it is  desirable t o  operate with 
larger 5ifferentLal.s because (1) the flow i s  more stable and 
the water surface i n  the s t i l l ing  w e l l s  iloes not surge as b d y  
and '(2) the higher velocity through the meter prevents a reduc- '* ' 

t ion i n  d a c e  coefficient (as discussed for the orif ice meter). 
,'I 

Other methods ofi&hievine a larger diff&yentid might include 
reducing the b.&,;kwater level, if exccssivk', or reducix the pipe 
length, .if it I S  con?iderably longer than six or seven dimeters, 
t o  reduce the backwater effect; change the location of the dounstream 
dilll& w e l l  a@ recalf irate the meter (dirrcdsed later) .  

, :  . --- . ... 
,. .. 

Location of stb>& iv6Il intcikes. &cause' the discharge is 
directly related t o  the difference in vster levels in the tvo 
s t  s it is essential. that.  the stilling well intakes 
(pressure taps or piezometers) be located a t l y  as they vere 

.when ,the meter was calibrated. 











The c-head afiflce is u s e  operated as follcrvs: The 
M c e  gate crpeniag for the desired Uschsrge is obfa;lntd fram the 
discbarge table and set. The turnout 
gate ia sajusted until the head across m c e  gate 
is a t  the re- constant head of 0.2 foot. llre dlacherge xUl 
then be at the desired value. !!2m stanCW-3 sizes of comkurt-head 
oriflce meters have been calibrated a d  the discbarge values are 
given i n  Tables 32 a d  33 of the Water Mesmment Bisuml. 

1&6IZCd-f& 1s des- t o  vlth 
the canal water surfece fram P inches t o  6 feet above the orifice 
gate seat. operating depth is 18 b b s .  m a  traPout 
uses a rectsagrtLar 24- by 18-inch SLW Uft vertical. gafe for the 
cdf-ice gate am3 an I@-inch-dlemeter screw lift M c a l  gate for 

h a  tumnrt gate; two sets of gates tux used side by siae Js the 
;.tusncnrt structure which employs 18-inch- pipe. 

The 20-aeccpla-foot capscity turnout is designed to opera* - + t h  
the c& water surface fram 27 inches to  6 feet above the e c e  
gate seat. Mbimm practical qpefating depth is about 24 Inches. 
This turnout uses a rectsagrtLar 30- by 24-inch screw Uft vertical 
gate for the orifice gate, a 24-inch-dl~lseter screw l l f% verticsl 
gate for the turnout gate; two sets of gates are used side by side 
ami dlschsrge into 24-inch- pecwt  concrete pipe. 

The ills- though a constant-ha orlflce turnout may be corn- 
puted fran fhe orifice equation 



fpicienf "c" aetennined in 98 tests an 6 ditperent designs 
&, far a complete range of gate openirgs a d  caaal. vater 

ir ORIFICE GATE OPENING IN FEET 

ead reading 'kill be obtained on. .sJl g 







The differentia5 head f m  narrmsl operation msy be increases if U P -  
ficulty stFU &st6 in setting, .resdiag, or msinfslnim the 
0.27foot .- differential. Discharges rcay be calculated using 
the coefFlcient for the orifice gate opening actmL3.y used and the 
differential head actua3lg measured. Turbulent flow collaitions or 
a reduced submergence at the turnout gate KU1 not affect *the dis- 
charge i f  it is possible t o  oljtain a true dom&ream head. To be 
certain o f t h e  accurscy of these W e r  differential head dis- 
charges, it would be desirable t o  check several gate settings using 
a current meter or other calibration methdl to measure the dis- 
charge. This displacement, i f  any, o f  the coefficient curve iron 
the w;Lues given for the 0.2-f& differential could he determined 
fran calcl?lations, and a new coefflcieht curve drawn -el t o  
the one shown., Only a few accurate check points wauld be r e w e d  

lkfect of Entrance h c t u r e  Geanetry 

'Phe preceding sketch o f the  constant-head orifice turnout indicates 
:8:1 fLaring waJls in,plsn on the entrance or approach structure and 
a 4:l sloping floor.4 The floor slopes d m  away frm the ori- 
fice gate, Plan 1, Xgwe 30. Other c~rrm~n installations are shown 
i n  Figure 33, each has 8:1 M r g  wa31Ls i n  p3.a~. 

: Selection of the type of entrance for  a new in s tdh t ion  xiU. usu- 
a3I.y be Lfmited bythe relative elwations of the can& bottcan and :A 





CURREKC MCPER GAGIUG SlXCIOblS 
I 

the average velocity. 

I n  selecting a s i t e  for a g a g a  station or a location for a meter 
ar aqyuther pmpeller device, it is importent that  smooth unifom 
flaw exist upstream (to sane deg;ree dawnstream) fram the location 

should be the same across the entire width of the section. The 
cross section of the s i t e  should be typical of the sections upstream 
and dawnstream and should be i n  stable material. Iiocations where 
banks or bottan can e r d e  or where sediment is known t o  deposit, 
should not be used. A s i t e  where meters can be operated frm the 
upstream side of abridge is desirable because a cableway or other 
crossing need not be constructed. In general, the s i t e  should 
prduce , f low co~$Y~ions thattmeet the requirements discussed under 
the section, "FIiw Characteristics Reducing A c c ~ c y  of Rieasu~ement." 

A staff gage and a water stage recoder should be installed and 
carefully referenced t o  sane meanLwful btum. In operating the 

have a recent calibration or celibrstion cheek. m e  use of two 
meters during a measurement c& show up meter deficiencies i f  they 
exist.' C e x e f U l  handling of meters b$experienceaipersormel wili ,: 
help t o  insure g o d  ratings. Careful plotti& of'& s tage-d iscme 
relationship curve for each gaging Station wFUhelp t o  e-uate . . 

cords should be 
t e e  records are 



W a t e r  Wasurement Accuracy," they w i l l  not be elaborated upon in 
this portion of the text. 'Phey have been s~.--cifically referred t o  
under the headings of: Apgroach Plm, Turbulence; Velacity of 
Approach, Mt Flow CadilAons, Weathered and Worn Eqqipueut, Poor 
Workmamhip, Faulty Head MeesmemeOt, a d  Use of Wrong Measuring 
Device. 

pEcmum- 
Prapeller met-*hPve been i n  w e  sin& about 1913 and are of merny 
k l n b ,  shapes, Bna sizes. \- are wed submerged near the ella8 

, - . * of pipes or con&lts ar "in-I-" in pressurized pipe ~gstems. 
&mymeter designs a d  modifications for special conditions and 
purposes ape available f 2 a n  manufacturers and it is therefore 

- impnrctical t o  try t o  cZlscuss all makes and mOaels. W *speller 
meters have cer4ain ccmnnon features, fkults, sad aammtSges, how- 
ever, which csn be llllalyzed t o  provide a better  understaaaing of 
meter operstion. A thorough ccmprehension of meter pr incises ,  
thei r  inherent limitations a d  tylmtages, am3 the operating expe- 
riences of many users may be beneficial when purchasing, install- 
ing, opersting, and a n t a i n i n g  meters for  a field installation. 
The information presented herein has been gathered frun project 

water d i s t r i c t  personnel, letters, reports, inspections, can- 
plaints, and frau laboratory aod field tests coducted specifi- 
c a l l y  t o  evaluate propeller meter # m e .  Much ixiformation, 
sane god  and sane doubtful h ~ s  been sir ted to emphasize bssic 
material a& eliminate incorrect or conflicting statements. An 
attempt has been made t o  elindmte mate- which applies onZy or  
particulsrly t o  one mske of meter or t o  one specific insta3lation. 
!he material presented applies t o  sll meters, i n  general, and t o  
EXL ~ t i o n s ,  except as notea. 

~mpeller meters ut i l ize  a mai l t imed  pMpcller (2 t o  6 blades) 
W e  of mew, plastic or rubber, rotating i n  a vertical plane and 
geared t o  a total izer  in  such a mnner thfit a mrmerical counter 
can total ize the flow i n  cubic ieet (perbmp t o  within 1C3 cubic 
feet), acre-feet, or any other debired volmetric imits, d / o r  an 
i d i c a t o r  t o  ahow the instentaneous discherge, In cubic feet  per 
second, acre-feet per dsg, or sny other desires units. The pro- 
peller, designed and calllxated for  operation i n  s pipe or con- 

be & BUhpperged, that is, the pipe or con- 
full. '?.me propaller aismeter is  always a 
&lame%&; uauallg nrrles betueen 0.5 t o  0.8 

thedhmter of the flow meters have more tbsn 





or more i n  length. Vanes are usually mde i n  th shape of a 
+ sign t o  dlvlde the pipe in to  eqml quarters ss sham i n  
%m-e 34. 

Figure 3b 

Leboratory experiments hsve shown fhaf vanes of t h i s  type 
(wed where no spilril flow exis ts)  may reduce registation by 
1 t o  2 percent ccmpsred t o  readings made xith the vanes 
removed. ! M s  is because the area taken up by the vanes tends 
t o  reduce the velocity near the  center of the propeller. Scne 
msnufacturers have suggested the use of w e e  which do not 
meet i n  the middle but divide the pipe in to  thirds as  shown 
i n  Mgure 35. 

Figure 35 

&-&I 



Because of the opsn flow area i n  the center of the pipe there is 
l e s s  disturbance t o  the flow prrttern in the center of the  pipe. 
One or more diameters of clear space between the downatream end 
of the  vanes and the p r o p l l e r  helps t o  null ify any aaverse 
effect6 caused by either t . y p  of m e .  

tening vanes are no 
-4- f x n  .... a 

If straigM t wed, a long length of straight, 
horlzontsl r.r - -= demeters long) may be required t o  
reduce registration errors. Venting the pipe t o  the  atmosphere 
Just  damstream fran the control gste, if this is possible, may 
help t o  reduce spira l  flw. 

Velocity profiles 

In any pipe--even a very short one-the Alc t ion  between the 
inside flow 6uTace of the plpe the vater is greater than 
the  internal f r ic t ion of the water. This results  i n  the  water 
i n  the  center area o f t h e  pipe havlng a U e r  v e l o c l t y t b n  
the water near the  borudary. 

Figure 36 

In a short pipe the  velocity proffle would be sbdlar t o  Csae A, 
N~lgure 36; i n  a longer pipe the profFle would look a s  shcm i n  
Case B. In the latter fully developed velocity p o f l l e  the  dif -  
ference between the center and edge velocities i s  quite lerge 
but is stable and does not increase further. It i s  o b v i m  
therefore tbat  the  propeller, which receives i ts  impetus from 
the central area of the pipe, KU1 receive different t o t a l  
forces for i h e s  A and B above, and that  a greater m b e r  of 
revolutions NSLI occur i n  the long pipe, Case B. On the other 
hsnd, l e s s  Poroe, and fewer revolutions ( ~ e r  registration), 
VFU occur for Case A. Isboratorytests have shown that  long 
turnouts or pipes (30 or more diameters long) have fuUy developed 



pdps t e d  t o  proauce the Case B a o c i t y  profile in s b r  
leorgths than glnocrth uaU pipes. Ho a c t  data are available 
t o  deflne every sihrstion, howwer. 

Control gates, such 88 the sllde gate often used a t  a +Sumoat 
& m e ,  may affect the flow pattern and/or the velocity pro 
i i l e  in a short pipe. For example, tests  have shonn that for 
a 24-inch pipe bmmut 23 feet long frcm gate t o  meter, in t 
5-cfs range, a full. gate opening re&* i n  an indication o 
96 percent of the true discharge. When the same f i s c w g e  was 
put thraugh a 6-inch gate opening, the meter inillcated 100 per- 
cent of the actual discharge. The 4 percent difference in  
discharge was the mcdmm affect noted in these tests. 

It is  apparent, therefore, that changes i n  velocity distribu- 
tion i n  the pipe cross section, that rsrlre the distribution 
slgniflcsntly W e r e n t  from tbst used during the meter calibra- 
tion, vlll cause a change i n  meter registration. Changes - 
be either plus or minus vith respct t o  the original discharge 
calibration. Inspection a d  analysis of the flow conditions 
upstream irau the meter may prove beneflcia i n  trouble s h d -  
Ing a field instrrllation suspected of giving incorrect meter 
reg i s t~ t ions .  Checkirrg the flon distribution i n  a cross sec- 
tion just upstream from the meter with a Pitot tube would con- 
clusively establish whether a poor velocity pattern was 
present. Mers are n&er calibrated vith poor vel Pat- 
terns i n  the pipe. 

C 

Propeller and Pipe Size Relationships 



-a:. 

the a m e  velceities intereeptea. Bo meal values can be 
glvea because difperent mder msrmftrcturers have different prapel- 
ler desig8s. For w, propeller tips 'an? affected aWerent?y 
by varying absolute velocity values; also, different cl-e " 

n@reamtsbe tween theprcrpe l l e r~ thep lpeva l lproduced i i -  
furent register values. Itmls that sre important for one propel- 
ler shape may not affect another. Tests bave shown, -, 
tha t the larger thep iped iameterv i threspec t to the~er  
dismeter, the more a cbsnge in velocity piile w i l l .  affect the 
meter regismtion. !Chua, rters baolng propellers nearly the 
&3az&er of -the pipe they are t o  be us-& in should p m ~ l &  most 
accurite d t s .  Conversely, propellers tbat are half or less 
tBan the pipe alemeter vlll give the least acclvate results. 

It has been establishes in laboratory tests tbat changes in reg- 

to  turn on one or more b 
hub and ar@ protected fr 



R g w e  37. Flovmeter gear teeth worn on one face- 
2,200 hours of operation 

In another lsborstory controlled t e s t  a i lm contsinlng 5,000 @s 
per d l l i o n  of silt  and very flue saud (0.035-0.z IUD) ~ 8 6  used 
t o  t e s t  a medium size open-flaw propeller meter. In l e s s  than 
2 hours of operating time silt particles httd collected i n  the 
bearing and prcducea prapeller binding. After 5 acre-feet of 
water had psaed  the meter, 22 g- of si lt  (dry weight) were 
found i n  the propeller hub and bearing housing. (A >&cent piece 
weighs about 12 gram. )  A check of the propeller showed tha t  it 
tmea  intermittently and slaver thsn when new, i n  water floving 
at 0.5 ft per sec and less. 

M%er 45 acre-feet of d e r  had passed the meter the wclt was dis- 
assembled; bearing wear was easily visible. E d e s  were W e d  



ziuil~te. In effect, When the hub could be draw, less  bearing 
w e  WEIS evident but bearing wear vas not e l lmi~~~ted .  Ssna 
traps may be necessary l n  field installations t o  reduce the smount 
of sediment (bedlodl reacbing the  meter. 

so be establisbea that the labrlcant i s  reaching %he 

screens shbuld be 



Screen are% be;a m.in.lmmn of 8-10 times the - of the flow 
cross section; In nsny instslhtions the screen area. i s  15-20 times 
fbe flow and %his has not been fcluna excessive. Where sizable 
heid losses cam& be tolerated the screen should be large, 
t k  cleaning freguerrt, or both. 

The he& loss across a propeller meteLis usue;Uy considered to  
b; negligible, although there is evidence that losses for W n -  
flow meters may run as high as lwo VeLocity heads. This is equi- 

meters may be as 

'usual losses -are. 

catrolled c ions in a lab 



The settlng of the miter i n  the turnout may. k! responstble for 
sizable-errors if the meter is not carefully g o s j . t i d .  A 
meter (24-~nch-di~~aeter gipe, 12- inchdhwte~  propeUer, 
8-cfs discbrge) set witt the b b  ,ce&er 1 inch off the center 

Meters are most a c c k t e  when a near constant d iscbrge is t o  
be measured. Considerable error can be introduced by m n g  
the flow rate greatly or quickly. - Registration accuracies nay 

f r a n  97 t o  102 percent of true measurement as a resul t  of 
immI3.y vaqriug the flaw over a significant range during 

floving clean water ..ad a closed system. 









aonstrnded t o  cause turbulence, boils and/ur W e  water the 
nteter regiregistration m y  be affected. 

tbat has no backwater or 
to keep it submerges. Curvv 2~ 

eliev& t o  be the srcalleet that can be 
cast3y affecting the meter callblstion. 



: 

by means of a vell-pbmed mdnknance p v .  In districts 
where e t e n a n k e  is accepted as.inevitable, ani vhere bearings 
d spsse parts  are stocked for immediate use, the mxbbnmce 
costs a& problem6 seem to  be m h b m .  In other districts where 
personnel are -iar w i t h  me* mechanik, and where spare 
parts are ordered &I a one-at-a-time basis, the mainteaance costs 
are high. . In saae cases users expect t o  replace bearings-they 
do not consider the need for bearins replacement t o  be a defect 
in the meter; i n  mer are86 a beexing failure is cause far  

higher cost c w t i v e  measures t o  be faced a t  a Later time. 

oice of &er Size - 

the turnout but was too lmge to  handle the' m d 2  

be taken not 
ch .the meter t 



m M E R S r r r m W ; D E P I C E S m ~  

VANE DEFLECPICX METES 

A portable vane flowmeter is on the market sad, a c c e  t o  the 
mBIlllfacturer's claims, the meter is accurate sad useful. The 
meter  has been evaluated fran c&pr&&ive tests  made under simu- 
lated f i e ld  coditions i n  the Eydraulic .laborat- and the c k h 8  
of the lllamueackuk were found to  be quite truthful. The meter 
is indeea an accurate and useful device. 0 

The portable deflector vane rests in p e r m a n e n t b d s  mounted 
i n  a 6-fwt-long ditch ~ n e r ,  either rectangulsr cr tlspezoidsl 
i n  cross section, set in  an earth ditch. Therefme, one meter 
head WSU service any mrmber of ditches of the same general -flm 
capacity having liners and brackets pMnsnently installed. About 
30 sizes of meter and ditch liner are avdbble.  lbch meter 
handles a wiae r8rge of flow i n  a given size of ditch and auto- 
matica3I.y c-tes for different cambinstions of velocity and 



In making the ususl water measurement it is necessary to measure 
head, .velocity, cross-sectional area, depth, meter revolutions or 
sane factor(s) +hat mag be difficult to measure, because the meas- 
urement must' be b e e  in, cm, over, or beneath the flouing water. 
.One method of detemining discharge that.circumverrts the need for 
making difficult measurements is the dilution methcd. : In this ,' 

methcd a substance .in concentrates farm is intrcduced into the 
flowing wafer and s l l o d  to thoroughly mix. At a downstrek 
station a sample is taken, a d  frcna the degree of dilution of the 

ng the samples vrth strudard concentlafed 



M v M  in making a dilution discbarge determiaation. Xgure 41, 
"Dilution m o d  of Meamrhg Discharge," illustrates schemati- 
cally the use of the dilution mathod. 

A relatively large quantity of chemicsl or dye, csIled a tracer, 
is dissolved in a mall. quantity of vater a d  placea in a bottle 
so that the. tracer solution can be discaarged into the f l d n g  

" tracer) of tracer in  + bottle is 

ahown in the figure it wlll be asstnu& tbat 
mixing of the tracer w i t h  the flow has taken 





c d u i t  or other) nay be obtained by multiplsins the injec- 
tion rate of the fnrcer by a mtto obtained f'rau three c o n c h -  
tion values. There is no need to know or measure d velocity, 
depth, cross section ur a- of the usual hsazgalic elements. A 
thorough uuderstading and realization of these facte is the key 
to derstendixg theb'ULution method of memuring dlschsrges. 

IW)IOIS(IP(IPE MEmOD 

Beilloisotopes may be used in place of a chemical or dye tracer E& 
the same genera procedures falloacd. Figure 42, Ttsdioisotopes 
Total  Count EIethoa of Meesuring Discharge," shows all the elapents 
necessary to make a ~adiosatape &scha+ge messurement. The fallow- 
ing -tion may help to explain the procedures. In the m e "  
or "tCrf;BL count" methcd a BnaM em- of radioisotope A (cor- 
r e q o d h g  to C,$) is intrcduced into the flow in a relatively 

counted by Gelger-&fuller or scintillation detect ars. Where C2 
was a constant of concentration in the chemical dilution Eqstion (8) 
the concentration of radfosctivlty in the paise is a variable w i t h  
respect to time. Thus, C2 in %be latter case mn8t be meamred 
vith respect to time.. In mathmaticeJ. tewe this may be written 

ontainer fined 
concentration. 

further increase i 





In pmgatiw A, a l a g e  hnm quaatiw of isotope (gdld- ls -  
aalts di s sd lw  in regia) in  liquid form i s  divided into m s  
known as rrllguots, using a'portrrble field Laborntory contsini~lg a 
etadadbed crnmtSng system. The individual parts, A, are usimlly 
cont8inea in1 pint plastic bottles and are transpartea to  the 
test s i te  in mrbersBufiicient for the discharge measurements. 

In a Pn a canal the bottles a& ~ e d  vlth 
tows about 3 feet 1- 8ni the isotope i s  intxdwea into the 
canal by pornlag onto the water surface. Sometimes the isotope i s  

started w e l l  bcftxe. the time of arrival of the dirafea 
is c o n t i d  l o n g  afhr the isotope .Ms 
f the counting is not usually atopped' until the back- 

s (in 8 M e )  .& a portable decade scalerfor 
g&ma ray emissions are shown in Figure @. 







possible i n  d e r  to  increase the'mrmber of possible test sites 
a d  also because absorption of is&* by materials such ss earth, 
concrete or sedilllent might adversely &fed the accunrcy of the 

accident only a few tkys would be' requir* to dissipste half of 
its jladiarctivity (half-life) a& in another feu dap half of the 
remaining r t k l t y ~  be &is,@tted. !lo drrnger to  lnnuan, 
animal, or fish l i fe  exists,-%wev&, since the &&arctive mate- 

are nm. 



 he -test aetd7& t o  &taw consiste2ently acc~rate measpre- 
ments  has been the'jinabillty t o  obtsin thorough transv&.se nclxlng. 
Work cmitWs phase oftbe  problem is continuing, both as a research 

transverse mlxihs. If thls can be done with simple a d  reSiable 
epllipnent, the'problrm of adeqnate mixing will be great2y simpllfled. 

Conaidering a l l  the factors invalved in making a w  type of discharge 
detetmrlnatian, it m y  be seen that the Moisotope method ahowe 
promise of being dwelaped into a slmple procedure, requiring a 
miniPnrm of time t o  erecute, a d  IC+JUUE possibilities 
for being acauate. E m m t d U y  the rrrdioisotope dischsge deter- 



discharges i n  large pressure c d u i t s  a d  in  large canals. The 
Byatem uses the t- iple tk& the diffexence in time of axi- 
of two acoustic s o d )  pdLees traveling i n  opposite direction6 
through the sater csn be related t6 r;h water velocity. PTgure 47 
show a scheutic a n a x g d  of an acoustic meter imtsllation 
in a pipeline. In fme U t i m  the water floa velocity increases 
the speed of fhe acoustic plue (C + V,) W e  in  the other dinc- 
tion the flow velocity deleya the arrival of the pulse (C - 8,). 
Acoustic transducers are used t o  transpdt a d  receive the scow- 
t i c  pressure energy a l a  obUqae upstream a d  dovnstrsam psths 
i n  the &and or conduit. The accuracy of the system depends on 
positioning the t181186ucers t o  obtain a true avuage velocity in 
the pipe or canal. Sevusl pairs ol tnursducera may thereiore 
be reqairad t o  obtain the true average velociW if the velocity 
proiilc i n  the c d u i t  i s  not sympetrical about the centerllne of 
the c d u i t .  Ih an crpcn channel the traosaucera must be nrised 
or loaered 8s the flw depth changes t o  ccmgenserte for a cbsllging 
Palocity profile. 





C o n t r s r y  t o  most meter8 little effect on the accuracy of the flw- 
meter is caused by elbows, gates, or valves located within a few 
pipe diameters upstream *em the entrance t o  the meter flaw tube, 
arnesrtheautletofthetube. Thehead los s in th r sys t em 
caused by the lpeter is negligible; is no more thsn the loss pro- 
duced by the smae length of pipe of simllsr roughness. 

It is diffidt, if nut m s i b l e ,  t o  establish definite rules 
which apply generally t o  water measurement procedures am3 equip- 
ment. SimiLRsly, one measurement device cannot be nccrmperded 
over any &her device until all wriables at the particular 
installation s i t e  are considered and properly weighted. It is 
therefore n e c e s q  for  each operator to learn as much as  possible 
about the device he is using and to evaluate the effect of each 
variable ( a t  the particular s i t e )  on the measurement he is making. 

Each operator must learn t o  look objectively at his equipent sld 
procedures. He must be able t o  "seen that his egyipnent is run 
d m  and i n  need of maintenance or that his measumnt  moceauree 
are not compstible with what he is trying t o  measure. 6 should 
becane fgmiliar with various types of measuring egyipnent, learn 
the advantages and disadvantages of each, and decide whether the 
existing equipnent is the best for the job at hand. He shauld 
t r y  t o  fitla isult n i th  his equipnent and every step he us- t o  
mske a dischsrge measurement, and t r y  t o  improve wherever possible. 
This meam that he mast d e r s t a n a  the basic measurement he 
trying t o  make and,then mcd i fy ,  i f  necessary, his methcds of 
getting it. He should t r y  t o  r n d e r a t a d  why he Is doing the 
things he does and develop confidence i n  his knowleage. He ah 
read available l i t e r a tme  a s  much as possible t o  get backgromd 
informstion on water measurement. He w l l l  thereby not only obtain 
more meaningf\il informtion, but w i l l  s l s o  bave the satisfaction 
of knowing his job is w e l l  done. 


















